Abstract-A enantioselective and sensitive liquid chromatography/ electrospray ionization-mass spectrometry (LC/ESI-MS) method is developed for the quantitative analysis of ketoprofen (KET) enantiomers based on a straightforward one-pot two-step stable isotope-coded derivatization of KET with a chiral derivatization reagent, (S)-1-methyl-4-(5-(3-aminopyrrolidin-1-yl)-2,4-dinitrophenyl)piperazine, and methyl iodide, respectively. The processes introduce not only a chiral tagging to the analytes but also a quaternary amine to the analytes, making the analytes permanently charged. The OPTSICD enabled the highly sensitive detection and complete separation of the KET enantiomers. By using second derivatization step with methyl iodide-d 3 (CD 3 I), a complete set of deuterated standards was utilized and used as internal standards. The use of deuterated KET-derivatives significantly improved the assay precision and accuracy. The developed method was successfully applied to the quantitative analysis of KET in human saliva.
INTRODUCTION
Ketoprofen (KET) is a chiral non-steroidal antiinflammatory drug (NSAID) with analgesic and antipyretic actions. It inhibits cyclooxygenase (COX 1 and COX 2) activity with a reduction in tissue production of prostaglandins such as PGF2α and PGE 2 . Nevertheless its therapeutic activity resides exclusively in the (S)-enantiomer, it is still marked as racemic mixture [1] . Although NSAIDs are commonly used and believed to be safe, their acute overdose or chronic abuse sometimes causes serious side effects, such as gastrointestinal bleeding, intestinal ulceration, renal failure, hepatic failure, and aplastic anemia [2, 3] . Carefully monitoring the action of NSAIDs is therefore crucial with a view to improving the toxicological management of logn-term NSAIDs therapies. A number of High performance liquid chromatography (HPLC) [4] [5] [6] and capillary electrophoresis [7, 8] methods for the determination of KET enantiomers in biological fluids [9] .
LC/ESI-MS (liquid chromatography/electrospray ionization-mass spectrometry) has emerged as a powerful method to detect carboxylic acid including NSAIDs. Generally, the carboxylic acid analytes were analyzed with LC/ESI-MS under negative ionization modes directly.
However, the best chromatographic resolution using a reversed-phase column is achieved at an acidic pH, in which the deprotonation of the carboxyl group during the ionization process resulted in lower ionization efficiency and sensitivity [10] . To improve the MS response, carboxylic acids are frequently derivatized prior to analysis. Various derivatization reagents including chiral derivatization reagents for the MS response have been steadily developed for the labeling of carboxyl group [11] [12] [13] [14] .
ESI (Electrospray ionization) is considered to be efficient for the detection of ionic molecules, but the ESI technique is prone to interference ion suppression from the matrix materials and/or co-eluting compounds during the LC/ESI-MS run. The ionization efficiency is also sometimes different between two single runs even for the same analyte. To overcome the matrix effects, the use of an isotope internal standard for the analyte often provides a high accuracy for quantitative determination. However, the stable isotope-labeled analytes were very expensive and its synthesis is not always easy. The stable isotope-coded derivatization (ICD) is an alternative way to introduce a stable isotope-coded moiety to the analyte, and the resulting derivative can be used as a substitute for a stable isotopelabeled internal standard (IS). Several ICD reagents [15, 16] have been developed for the quantitative analysis of carboxylic acids using LC/ESI-MS. However, the number of chiral ICD reagents for the LC/ESI-MS analysis is very limited. Higashi et al. introduced stable isotope-coded tags (DAPAP/d-DAPAP) into ibuprofen. The use of the isotopecoded reagent, d-DAPAP, significantly reduced the run-torun ionization differences, leading to a good assay precision and accuracy [17] . Although the method is excellent means for the quantification analysis, the disadvantages such as a pair of ICD reagents (light and heavy reagents labeled with H/D) is required and the isotope effects of H/D is inevitable.
We previously synthesized a novel chiral reagent, APy-PPZ [18] , which has two reaction groups (one is amine group; another is N-methylpiperazine group). Here, we designed novel strategy that is to introduce a straightforward one-pot two-step stable isotope-coded derivatization (OPTSICD) where both samples (one is a biological sample containing KET, another is KET standard) were first derivatized with APy-PPZ to produce corresponding derivatives (KET-APy-PPZ), respectively, followed the produced derivatives are further separately converted to the precharged quaternary amine derivatives, KET-APy-MPPZ and d-KET-APy-MPPZ (as internal standard, IS), with commercial available CH 3 I and CD 3 I, respectively. Both samples labeled with light and heavy are then mixed and subjected to the LC-MS analysis. The use of the isotopecoded derivative d-KET-APy-MPPZ (IS) significantly reduced the run-to-run ionization differences, leading to a good assay precision and accuracy.
II. EXPERIMENTAL

A. Chemicals and Reagents
Racemic KET and (S)-KET were purchased from Sigma-Aldrich (St. Louis, MO) and Dalian Meilun Biotech Co., Ltd. (China), respectively. 4-(4, 6-Dimethoxy-1, 3, 5-triazin-2-yl)-4-methylmorpholinium chloride (DMT-MM) was from Tokyo Chemical Industry (Tokyo). Methyl iodide and methyl iodide-d 3 (CD 3 I) were obtained from Aladdin (China). (S)-1-Methyl-4-(5-(3-aminopyrrolidin-1-yl)-2, 4-dinitrophenyl)piperazine (APy-PPZ) was synthesized in our laboratories as previously reported [18] .
B. LC/ESI-MS
The LC-ESI-MS systems consisted of an Agilent 1200 Series Rapid Resolution LC system and an Agilent 6410B Triple Quadrupole LC/MS system equipped with an electrospray source. Agilent MassHunter Workstation software version B.01.03 was used for data acquisition and qualitative analysis. 
C. Derivatization
To a KET in methanol (50µL), solution of DMT-MM (1 mM) in methanol (50µL) and APy-PPZ (1mM) in methanol (50µL) were successively added, then the mixture were reacted at 303.15 K on a heating block for 10 min, followed by drying under nitrogen. To the dried residue was added 50µL of CH 3 I (or CD 3 I), and the mixture was incubated at 333.15 K on a heating block for 1800 s, then dried under nitrogen. To the residue was added 100µL of methanol prior to LC/ESI-MS analysis.
III. RESULTS AND DISCUSSION
A. One-pot Two-step Stable Isotope-coded Derivatization (OPTSICD) of KET Fig. 1 shows the one-pot two-step stable isotope-coded derivatization reaction of KET with APy-PPZ and methyl iodide, respectively. KET enantiomers were first reacted with APy-PPZ at 313.15 K in DMT-MM as activation reagent for 600 s, followed by drying under nitrogen to give the derivatezed KET (KET-APy-PPZ). The amounts of KET-APy-PPZ derivatives and KET that remained underivatized were monitored by HPLC-UV (detection at 254 nm). The yields of the KET-APy-PPZ derivatives reached a plateau for 600 s and the underivatized KET was not detected. Thus, the first step derivatization reaction rapidly (600 s) proceeded under mild conditions (313.15 K). The KET-APy-PPZ derivatives in methnol were further converted to the perchaged quaternary amine derivatives (KET-APy-MPPZ or d-KET-APy-MPPZ) by reacting with methyl iodide (CH 3 I or CD 3 I) at 333.15 K for 1800 s. This derivatization method is fast and quantitative, without a complicated handling procedure. The derivatization rate of pmol amounts of KET-APy-PPZ derivatives with CH 3 I was almost quantitative, because when KET-APy-PPZ (500 fmol) was derivatized, the KET-APy-PPZ was not detected by LC/ESI-MS (the minimum detectable amount of KETAPy-PPZ was 10 fmol; 2.0% of the initial amount). 
B. LC/ESI-MS Behavior of KET-APy-MPPZ and d-KETAPy-MPPZ Diastereomers
The separation of the KET enantiomers after labeling with OPTSICD method was carried out by an ODS column packed with small particle silica-gel (3×10 -6 m) using wateracetonitrile mixture containing 0.1% FA as mobile phase. The detection of the separated diastereomers was performed by ESI-MS positive mode. The isocratic and gradient elution were examined to obtain the higher chromatographic resolution and higher ESI response of the diastereomers. Although the complete separation of (S)-and (R)-KET-APy-MPPZ [retention times (t R s) of 670.2 and 711.6 s, respectively, and resolution (Rs) of 4.3] was achieved by use of isocratic elution [water-acetonitrile containing 0.1 % FA (57:43, v/v)], the gradient elution gave not only a better result for their separation [retention times (t R s) of 588 and 646.2 s, respectively, and resolution (Rs) of 4.8] but also enhancement of ESI response. Fig. 2 shows typical SIM mass chromatograms of KET-APy-MPPZ/d-KET-APy-MPPZ derivatives. As shown in Fig. 2 , the KET-APy-MPPZ/d-KET-APy-MPPZ derivatives are perfectly coeluted, which indicated no isotope effect associated with d-KET-APy-MPPZ derivatives. Although the correct reason of no isotope effect is not obvious, it seems to be due to prechaged quaternary amine moiety (hydrophilic group) in KET-APy-MPPZ which would avoid isotope effect. 
C. Method Validation
The calibration curves for both (S)-KET, and (R)-KET were linear over the concentration range of 1.0-100 nmol/L with determination coefficients (r 2 ) of greater than 0.999 for both enantiomers. Linear regression equation were
Equation (2) is for (R)-KET; Where Y represents the ratio of sample area and internal standard area, X represents concentration. The detection limits were 0.1nmol/L for (S)-KET and (R)-KET, respectively, with S/N ratios = 3.
Method validation regarding intra-day precision assays was achieved by replicate injection of saliva sample of the analytes at three different concentration levels (1.0, 10.0, 50.0nmol/L) within the calibration curve range. The relative standard deviation (RSD) (n = 5) was calculated for the ratio of sample area and internal standard area and found to be <5.3% in all cases.
The assay accuracy was evaluated as the analytical recovery. As shown in Table I , satisfactory recovery rates ranging from 105.2 to 108.2% were obtained. These data indicated that the present method is highly accurate. 
IV. CONCLUSION
We have demonstrated a one-pot two-step isotope-coded derivatization method for the enantioselective determination of KET in saliva. This method employed derivatization with the chiral reagent, APy-PPZ which is able to be quarternarized, not only to increase the detectability of KET in the positive ESI-MS, but also to introduce an isotope moiety to the derivatives. The use of the isotope-coded derivatives, d 3 -KET-APy-MPPZ, significantly reduced the run-to-run ionization differences, leading to a good assay precision and accuracy. To the best of our knowledge, this is the first LC/MS assay that enables the enantioselective quantification of salivary KET. The developed method will be useful in clinical and basic research studies not only for Research, volume 3 KET, but also for other carboxylic acid containing chiral drugs, whose isotope-labeled ISs and its isotope-labeled derivatization reagents are difficult to prepare.
Advances in Biological Sciences
